Purpose The goal of this education and culinary-based dietary intervention was to increase adherence to a Mediterraneanstyle, anti-inflammatory dietary pattern in breast cancer survivors (BCS) by promoting the consumption of anti-inflammatory foods, herbs, and spices. Methods Overweight and obese, early-stage, BCS were randomized to the Intervention (n = 76) or Control (n = 77). The 6-month intervention included monthly nutrition and cooking workshops, Motivational Interviewing telephone calls, and individualized newsletters. Control participants received monthly informational brochures and no navigational services. Dietary intakes were collected via questionnaire and 3-day food records at baseline and 6 months. Results One hundred twenty-five BCS (n = 60 I; n = 65 C) completed post-testing (81.7%) and were included in analyses. Adherence to Mediterranean diet guidelines significantly increased in the intervention group, but not in the control group (+ 22.5% vs. + 2.7%, P < 0.001). Upon further analysis of adherence to individual dietary guidelines, the intervention group significantly improved adherence to only three guidelines: consuming ≥ 3 servings of fish or shellfish/week, reducing red meat intake to < 1 serving/day, and limiting consumption of commercial sweets and baked goods to < 3 times/week. The intervention arm increased the use of spices and herbs compared to control (+ 146.2% vs. +33.3%, P < 0.001), including significantly more frequent consumption of cinnamon, turmeric, garlic, ginger, black pepper, and rosemary. Conclusion An education and culinary-based intervention in BCS successfully increased adherence to a more Mediterraneanstyle, anti-inflammatory dietary pattern by increasing the consumption of anti-inflammatory foods, spices, and herbs and decreasing the consumption of pro-inflammatory foods.
Introduction
Breast cancer survivors (BCS) are the largest number of cancer survivors globally, and it is imperative to identify lifestyle interventions that reduce risk of recurrence and comorbidities in cancer survivorship [1] . Dietary interventions in BCS have primarily targeted weight loss because excess weight and body fat are risk factors for recurrence and comorbidities such as cardiovascular disease and diabetes [2, 3] ; however, there is growing evidence that pro-inflammatory dietary patterns may also be a significant risk factor. As reviewed by Zahedi et al., several studies have demonstrated a relationship between a pro-inflammatory diet and an increased risk of breast cancer [4] . Additionally, a more anti-inflammatory diet post-breast cancer diagnosis was associated with a reduced risk of cardiovascular disease mortality [5] . Thus, dietary patterns may play an essential role in modifying inflammation and reducing the risk of comorbidities and recurrence in BCS.
An example of an anti-inflammatory dietary pattern is the Mediterranean diet which is characterized by high intakes of fruit and vegetables, whole grains, nuts, legumes, fish, monounsaturated fat (olive oil); moderate intakes of dairy products and alcohol; and low intakes of meat and meat products and saturated fat [6] . Adherence to a Mediterranean-type diet has been associated with a multitude of health benefits [7] including lower risk of all-cause mortality [8] , cancer [9] , type II diabetes [10] , cardiovascular disease [11] , and cognitive decline [12] . The Mediterranean dietary pattern is high in anti-inflammatory micronutrients and phytochemicals such as n-3 fatty acids, flavonoids, carotenoids, and vitamins C and E, and higher adherence to the Mediterranean has been associated with lower levels of inflammatory markers [13] [14] [15] . Thus, greater adherence to a Mediterranean dietary pattern may elicit health benefits through impacts on systemic inflammation [16] . Additionally, Mediterranean-style diets have been demonstrated to elicit cardiovascular benefits including improved endothelial function and reductions in serum cholesterol and triglycerides [17, 18] . In a 6-month randomized controlled trial, BCS who adhered to a Mediterranean-type diet had beneficial changes in body composition, cholesterol, and glucose levels compared to controls [19] .
Selecting foods that are anti-inflammatory while avoiding pro-inflammatory foods may be health protective in BCS. Although many nutrients and foods are suggested to have antiinflammatory potential, a variety of spices and herbs may also contribute to a diet's anti-inflammatory and overall health protective role. Culinary spices and herbs contain polyphenols and other anti-oxidants which are strong antagonists against tumorigenesis, carcinogen bioactivation, and inflammation [20] [21] [22] ; however, these activities have primarily been demonstrated within in vitro and in vivo models, and more human clinical trials are needed.
There are several epidemiological studies associating health benefits with anti-inflammatory foods and dietary patterns in healthy populations, but limited dietary interventions have promoted this dietary pattern in BCS. Furthermore, even fewer have been conducted in diverse populations. The goal of this education and culinary-based dietary intervention was to improve adherence to an anti-inflammatory dietary pattern in BCS by promoting consumption of anti-inflammatory foods, herbs, and spices.
Methods

Study design and participants
The randomized controlled trial on which this analysis was based has been previously described [23] . Briefly, we recruited 153 overweight and obese (BMI ≥ 25 kg/ m 2 ), early-stage (0-III), English-speaking breast cancer survivors who had completed treatment at least 2 months prior to study enrollment. Participants were randomized to an Intervention (I; n = 76) or Control (C; n = 77) arm (Fig. 1 ). Measures were obtained at baseline, and repeated at 6 months.
Intervention
The Intervention consisted of individualized anti-inflammatory dietary guidelines and behavior-change cues delivered during six months of monthly in-person Antiinflammatory (AI) nutrition workshops; monthly Motivational Interviewing (MI) telephone calls by trained, patient navigators; and monthly newsletters tailored to individual change readiness.
The purpose of the AI nutrition workshops was to increase participant knowledge of the relationship between diet and cancer; describe AI foods and how they can help reduce risk for cancer recurrence; and promote behaviors aimed at increasing regular AI food intake. To optimize the intervention experience given limited space and culinary resources, women were grouped into 5 cohorts (10-20/ cohort). Each cohort was asked to attend six monthly workshops beginning immediately following randomization. A total of 30 workshops were delivered during the study period.
Each nutrition workshop consisted of a didactic portion with PowerPoint slides, followed by a cooking demonstration with a chef skilled in AI food preparation, a tasting, and interactive discussion among participants, study investigators, and staff. Participants received paper copies of lecture slides, a description of the properties and benefit of featured AI foods, and recipes and supply lists for the food demonstration. Workshop attendance was tracked. Participants who missed a workshop session were contacted by a patient navigator and provided with electronic copies of all materials. Table 1 shows the themes and objectives, AI foods discussed and highlighted, and recipes demonstrated during each workshop.
At the end of each workshop, participants received a carbon copy sheet containing 4-6 goals related to workshop content. They were asked to select 1-2 goals to work on over the next month until the following workshop. The sheet also contained importance and confidence scales based on stages of change (SOC) [24] and space to identify barriers to making changes as well as strategies to overcome these barriers. Participants turned in one copy to study staff and kept a copy with their other study materials. During follow-up MI telephone calls, patient navigators used the sheets to discuss progress, barriers, and strategies with participants, as well as assess their SOC. A new goal sheet was distributed at each workshop, and participants were encouraged to either work on the same goals or select new ones.
Control
Control participants received monthly American Institute for Cancer Research informational brochures, two telephone calls prior to each assessment appointment, and no navigational services.
Dietary intake
At baseline and 6 months, participants completed questionnaires to assess adherence to the Mediterranean diet [6] and spice and herb consumption [23] . The Mediterranean diet assessment tool consisted of 14 questions that were coded one for an answer in agreement with a Mediterranean diet and zero for non-adherence. Responses were added for a total value between 0 and 14, with higher scores indicating greater adherence. The spices and herbs questionnaire included questions about the frequency of use of 13 different spices and herbs that were the focus of the intervention. Use of the spice or herb 4 or more times per a week was coded as 1, while less than 4 times a week was scored a zero. The 
Statistical analyses
Unadjusted comparisons between groups on baseline demographics measures were conducted using two-sample t tests for continuous variables and Χ 2 -tests or Fisher's exacts tests for categorical variables. The main outcome was change over the intervention period, which was calculated as the 6-month value minus the baseline value. Differences in average change of Mediterranean diet score, spices, and herbs score, and nutrient intakes between groups were assessed using general linear models with adjustment for baseline values. McNemar's test was used for within-group comparisons of dichotomous variables including adherence to individual Mediterranean diet guidelines and use of individual herbs and spices. Statistical tests used α≤0.05 and two-sided P values. All analyses were performed using SPSS v24.
Results
Demographics
Analyses are based on 125 breast cancer survivors (n = 60 intervention; n = 65 control) that completed 6-month analyses. There were no statistically significant differences in demographic or clinical characteristics between intervention and control groups ( Table 2 ). The combined average age of the sample was 57.0 (SD 9.3). Over half of participants (54.4%) reported a college degree or higher, 45.6% reported working full time, and 74.2% reported a monthly household income of > $2000. Over half (51.2%) of study participants were Latina. The majority of participants were diagnosed with Stage II or lower (68.0%) and 24 or more months post treatment (63.2%).
Mediterranean diet adherence
Adherence to Mediterranean dietary guidelines at baseline and 6 months is shown in Table 4 . Overall at baseline, there was low adherence to Mediterranean dietary guidelines in both groups. Adherence to Mediterranean diet guidelines significantly increased in the intervention group, but not in the control group (+ 1.6 vs. + 0.2, P < 0.001). When further examining adherence to individual guidelines, the intervention group significantly improved adherence to three (Table 3) . At 6 months, 86.4% of the intervention group reported consuming less than one serving of red meat a day, which was significantly higher than the 64.4%
adherence at baseline (P = 0.002). At baseline, 13.6% of the intervention group reported consuming 3 or more servings of fish or shellfish week, which increased to 35.6% at 6 months (P = 0.002). Additionally, 86.4% reported limiting consumption of commercial sweets and pastries to less than 3 times a week compared to only 69.5% at baseline (P = 0.01).
Spices and herbs intake
At month 6, the intervention arm compared to controls reported an increase in the use of spices and herbs (+ 1.9 vs. + 0.4, P < 0.001) ( Table 4) . Compared to baseline, the intervention arm significantly increased the use of cinnamon, turmeric, garlic, ginger, black pepper, and rosemary; however, no significant increase in the use of cardamom, black cumin, cloves, oregano, lemongrass, chives, and thyme was observed ( Table 6 ). The control arm only significantly increased the use of cinnamon.
Nutrient analysis
Compared to the control group, the intervention group reported a significant reduction in Calorie intake (− 195.5 vs. + 34.8, P = 0.045) ( Table 5 ). Changes from baseline in percent Calories from fat, percent Calories from carbohydrates, percent Calories from protein, percent Calories from saturated fat, sodium, fiber, fruit servings, and vegetable (Table 6 ) servings were not statistically significant between groups.
Discussion
The dietary intervention increased adherence to an antiinflammatory dietary pattern as demonstrated by increased adherence to Mediterranean diet guidelines and increased use of anti-inflammatory spices and herbs. The Mediterranean diet has shown protection against diseases associated with low-grade inflammation, including cancer, diabetes, obesity, atherosclerosis, metabolic syndrome, and cognitive disorders [7, [9] [10] [11] [12] . At baseline, both groups had low adherence to Mediterranean dietary guidelines. The Mediterranean diet score significantly increased in the intervention group, but further examination suggested this was largely due to significant increases in adherence to only three specific guidelines: increase of fish consumption, reduction of red meat intake, and limiting consumption of commercial sweets and baked goods. Adherence to a new dietary pattern requires multiple dietary behavior changes compared to interventions that target a specific food group or nutrient. Six months may not be sufficient time for participants to make an impactful change on multiple components. The dietary behaviors that did significantly change were all goals introduced to the intervention group at the beginning of the study, suggesting that these dietary changes required significant time and support. Although adherence to only three of fourteen guidelines significantly increased, these dietary changes can have significant long-term impacts on health. Most fish are a good source of the omega-3 polyunsaturated fatty acids eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), which have been demonstrated to have anti-inflammatory and anticarcinogenic properties [25, 26] . Red meat was classified as "probably carcinogenic to humans" by the International Agency for Research on Cancer in 2015 [27] , and the American Institute for Cancer Research cancer prevention guidelines recommend limiting consumption of red meat [28] . Limiting the intake of sweets and baked goods not prepared at home suggests BCS in the intervention group reduced intake of processed and packaged foods that are typically high in added sugar, sodium, and fat. Even though calorie reduction was not a focus of this study, the intervention arm significantly reduced calorie intake. This may have been due to an overall increased adherence to a Mediterranean-type diet consisting of less frequent consumption of higher calorie red meat, sweets, and baked goods. However, this reduction in caloric intake did not result in significantly greater weight changes compared to the control group (− 0.43 vs. + 0.14 lbs, P = 0.619).
Interestingly, despite the discussion of fruits and vegetables at every workshop, intakes of these food groups did not significantly change. Across groups, average consumption of fruits and vegetables was less than 3 servings a day at both baseline and 6 months. This supports a previous report that only 14-19% of most cancer survivors meet the recommendation of consuming 5 or more servings of fruits and vegetables per day [29] . Also of note is that at 6 months, none of the participants in the intervention group reported consuming seven or more glasses of wine a week. The Mediterranean diet includes wine consumption, and research suggests moderate wine consumption is associated with health benefits such as lower inflammation and reduced risk of cardiovascular disease [30] [31] [32] . Although wine is an abundant source of polyphenols that have anti-oxidant functions [32] , alcohol intake may not be appropriate to include as a dietary goal for BCS. Due to the growing research that alcohol consumption is a risk factor for multiple cancers including breast cancer [28] , cancer survivors may choose to limit their overall alcohol intake. Future dietary interventions should consider promoting non-alcoholic beverages that are abundant in anti-inflammatory polyphenols such as tea and coffee.
All spices and herbs recommended in this study were chosen for the beneficial health compounds they contained. For example, cinnamon contains multiple bioactive compounds, including polyphenols and cinnamaldehyde, which have been demonstrated to have anti-tumor properties and antiinflammatory effects [33] . Aside from anti-inflammatory, anti-carcinogenic, antimicrobial, and anti-oxidant properties, some spices and herbs may impact lipid metabolism, stimulate digestion, and have anti-diabetic functions [20] [21] [22] . The intervention promoted the incorporation of spices and herbs in cooking, and resulted in significant increases in the use of cinnamon, garlic, ginger, black pepper, and rosemary. Further investigation is needed to identify potential barriers to increasing consumption of the other herbs and spices such as cost, availability, or taste preferences.
Several interventions in BCS have successfully changed dietary behaviors such as increasing fruit and vegetable intake and reducing fat intake [34] [35] [36] [37] [38] . Effective interventions incorporated individualized counseling from a registered dietitian or health counselor, individualized progress reports, personalized workbooks, nutritional education, and group support, supporting the need to provide [35, 36] , included less than 6% Hispanics in the study, which is not representative of the large and growing population of Latina breast cancer survivors. To our knowledge, only one dietary intervention has been conducted in a Latina breast cancer sample [34, 41] ; therefore, our successful dietary intervention in this population addresses an important gap in the current literature.
A limitation of the study was that all assessments of dietary intake were based on self-report. Additionally, there was high incidence of missing data in the food records, reducing the ability to identify changes in individual nutrients. Future studies should consider using nutrient biomarkers to objectively measure changes in dietary intakes. The intervention was only 6 months; therefore, it is unknown if the educational workshops resulted in long-term dietary changes. Finally, the biological impact of dietary changes were not evaluated. Further research is warranted to evaluate the longitudinal and biological effects of anti-inflammatory dietary changes in BCS, especially among diverse populations.
Overall, the study demonstrated that an education and culinary-based intervention in BCS was successful at increasing adherence to a more anti-inflammatory dietary pattern by increasing consumption of anti-inflammatory foods, spices, and herbs and decreasing consumption of proinflammatory foods. Dietary patterns are multidimensional, and nutrients and phytochemicals from a variety of foods, spices, and herbs can reduce inflammation through additive or synergistic interactions. Promoting a dietary pattern rather than a specific food group or nutrient may have greater health benefits, but future interventions must identify strategies that enable individuals to successfully change multiple dietary behaviors. 
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